The experiments on tolerance of winter wheat cultivars to herbicides were performed under field conditions during [2003][2004][2005] in the region of Wrocław (South-West of Poland). Five cultivars were examined (Zyta, Tonacja, Sukces, Clever, Kobra). 
INTRODUCTION
The chemical weed control, apart from undeniable profits, brings about a negative effect as well. Both agricultural practice and previous studies proved that in some cases herbicides are not completely selective to a particular crop. Their application can result in visible crop injuries i.e. leaf chlorosis, necrosis, plant deformations, decolorization, leaves withering, growth retardation (Gabińska and Rola 1985; Petróczi et al. 2002) . Generally, these symptoms are temporary and do not influence grain yield, however in certain cases, yield reduction was reported. Wheat tolerance to herbicides is primarily determined by genetic properties of a cultivar, but it can be strongly modified by cultivation regime and weather conditions. The main reason for winter wheat cultivars different tolerance to herbicide are diverse viability to plant metabolic and morphologic properties that govern herbicide uptake and translocation (Cabanne et al. 1985; Dagstheib and Field 1990) .
Significant percentage of wheat in crop rotation leads to increased weed infestation. Chemical weed control makes it possible to maintain the field weed-free and, consequently, it affects grain yield. The Polish market offers on abundant range of herbicides for weed control in winter wheat. New winter wheat cultivars are registered in Poland each year and this fact makes the researchers continue the investigation on tolerance of winter wheat varieties to herbicides.
The aim of this investigation was to determine the reaction of five winter wheat cultivars to selected herbicides.
MATERIALS AND METHODS
The field investigations on winter wheat cultivars tolerance to herbicides were carried out in the years [2003] [2004] [2005] in the region of Wrocław. There were examined five currently registered in Poland cultivars (Zyta, Sukces, Tonacja, Clever, Kobra). Experiments were set up on black soil. Individual plot size was 2x8 m. The experiment followed a split-plot pattern with four replications. In each experimental period winter wheat was sowed in the middle of October. A sowing rate of each wheat cultivars amounted to 450 plants per m 2 . All agricultural treatments, including cultivation, fertilization and plant protection, were performed according to general recommendations for this crop.
The herbicides were applied using a plot sprayer "Gloria" equipped with four TeeJet 11003 VS flat fan nozzles. The sprayer was operated at the speed of 3.6 km/h and pressure 0,25 MPa, a spray volume amounted to 250 l/ha. Table 1 shows the data for four tested herbicides, their doses and the time of treatments.
Herbicide phytotoxicity was assessed by visual method at the following dates: a. for autumn application -2-3 weeks after treatment, just after beginning of plant growing period, in the spring and during wheat heading, b. for spring treatment -2-3 weeks after spraying and during plants heading. A 1-9 scale was used: 1 -no crop injury, 9 -total crop damage. The influence of herbicide on overwintering of winter wheat was also based on visual assessment and by counting plants on 1 m 2 at the early spring. Wheat was harvested at complete maturity stage using a harvester Nurserymaster Elite Z 035. Grain yield was estimated on each plot. Weight of 1 000 grains was determined according to national standard PN-68/R-74017.
The data obtained were analysed using analysis of variance to evaluate the significance of differences.
RESULTS

The weather conditions
In 2002/2003 season, in the autumn wheat growth was interrupted when plants reached stage of 2 leaves. This season was characterized by hard winter -long period with the temperature below 0°C and the lack of snow cover. Such conditions did not favoured winter survival of the examined plant species. In the spring plant growing period began at the end of March, but low temperature during the first decade of April temporarily slowed down plants growth. On average, all spring-summer period was warm and characterized by low rainfall. The weather conditions in 2003/2004 could be described as mild winter, which was favourable for wheat over wintering. In the spring plant growth started in the last decade of March. Spring and summer season were mildly warm and rather dry. In the next growing season (2004/2005) , September and the first decade of October were warm, with sufficient rainfall. In the autumn plant growing period was over rather early -half of November. When the winter dormancy began, plants reached 2 leaves phase and had poorly developed root system. Weather conditions in the winter (average temperature above 0°C, and snowfall) favoured plant overwintering. The beginning of March was cold, with the temperature slightly below 0°C. The temperature increased in the first decade of April and spring growing period started. Spring and summer period were comparatively cold and wet, with total rainfall of 210 mm (April-June). These conditions did not favour wheat development and seed setting. Heavy rainfall in the July resulted in delayed harvesting of winter wheat.
The influence of herbicides on crop status, plant density and yield
The autumn evaluation of phytotoxic effect of mixtures combining isoproturon + pendimethalin and diflufenican + flurtamon did not show crop damage of tested cultivars in each experimental period. Visible injuries occurred on plants of Clever cultivar just after the beginning of plant growing period in the spring and resulted from hard winter conditions (2002/2003) . The plots treated with the mixture pendimethalin + isoproturon were thinned markedly and leaf withering was observed. Remaining varieties did not respond to tested herbicides. During the following plant growing seasons detrimental effects of this mixture did not occur. Among herbicides applied in the spring, florasulam + 2.4-D did not negatively affect plant vigour. After the mixture fluroxypyr + 2.4-D application, visual injuries were not observed during the first assessment, but during plant heading were recorded ear deformation of each tested varieties (Table 2) .
Wheat plant density significantly differed within the whole experimental period at cultivar level. The most pronounced differences between varieties were observed in 2002/2003, when Tonacja cultivar showed the highest plant density (more than 600 plants per square meter), while Clever cultivar belonged to the least dense (average 184 plants per square meter). Both herbicides and cultivars considerably affected plant number in that season. Cultivar Clever proved to negatively react to the mixture pendimethalin + isoproturon, which led to significant wheat thinning as compared to the untreated plots. The remaining varieties did not show reduction of plant number, irrespective of herbicides used. In the subsequent seasons (2003/2004, 2004/2005) , there were not observed any essential differences regarding both herbicides and a cultivars (Table 3 ).
The yield of tested winter wheat cultivars showed a considerable diversity in different growing seasons. , the yield of Clever cultivar was markedly lower than that of other wheat varieties, regardless of herbicide applied. The cultivar mentioned above also showed on essential yield reduction after application the mixture pendimethalin + isoproturon. During the subsequent plant growing seasons, diversity involved only wheat cultivars, but not herbicides. There were not recorded any interactions between cultivars and herbicides (Table 4) .
Weight of 1 000 grains did not vary within experimental period as far as herbicides were taken into account, but it was different for the examined cultivars. Only weight of 1 000 grain of cultivar Sukces was similar for each plant growing season, while the remaining ones showed different values regarding the years. Significantly low value of this parameter was obtained for Clever cultivar in 2002/2003. The latter one produced considerable smaller grains in comparison with other cultivars. None of the herbicides affected weight of 1 000 grains of wheat, but differences regarding cultivars were recorded in each season (Table 5) . I  II  III  I  II  III  I  II  III  I  II  III  I  II  III 
I -autumn assessment, II -spring assessment, III -pre-harvest assessment 
DISCUSSION
The influence of tested herbicides on winter wheat varied between experimental seasons. The weather conditions profoundly affected winter wheat cultivars' tolerance to herbicides. Significant yield reduction resulting from herbicide application occurred during 2002/2003, when winter conditions were hard for wheat overwintering -long period with temperature below 0°C and the lack of snow cover. It is well known fact that weather conditions affect herbicides' activity, both their efficacy and phytotoxicity. Low temperature retards herbicide metabolism in plants, which finds its reflection in longer persistence of plant injuries (Gauvrit and Gaillardon 1991; Cashimore et al. 1995) . In this experiment visible plant injuries were not observed in the autumn, but the first injuries appeared in the early spring on plots treated with the mixture pendimethalin + isoproturon. It seems likely that weather conditions negatively affected plant vigour, because during hard winter they contributed to plant weakness and, consequently, higher sensitivity to a herbicide. The results obtained in this investigation evidently show that yield reduction of Clever cultivar was caused by plant thinning, which resulted poor overwintering during unfavourable weather conditions. This cultivar is susceptible to damage due to winter hardiness and this property in combination with herbicidal stress probably decreased the ability of winter survival. The adverse effect of hard winter conditions on wheat tolerance to herbicides and different cultivars reaction to herbicides was observed in previous studies (Rola et al. 1999; Adamczewski and Urban 2000) . The remaining cultivars did not reveal any negative reaction to pendimethalin + isoproturon mixture. This fact shows for evident differences in winter wheat cultivars tolerance to herbicides and it confirms the results obtained in the previous studies (Sikkema et al. 2007; Kong et al. 2009) .
A negative reaction of winter wheat to growth regulator herbicides, which contain for example 2.4-D and MCPA, was reported previously (Nowicka 1993; Orr et al. 1996) . These herbicides caused leaf rolling, ear deformation and, in some cases, yield loss. Presented study showed only ear deformation as a result of the mixture fluroxypyr + 2.4-D application, but plant damage was temporary and did not affect grain yield.
CONCLUSIONS
Considering introduction of new winter wheat cultivars to agricultural practice, the studies on wheat tolerance should be continued to obtain detailed, useful for farmers information. The research aims at answering the question if particular herbicide can be applied in specific cultivar without risk of yield loss. On the basis of results of our investigation, the application of the mixture pendimethalin + isoproturon should be avoided in cultivar Clever. 
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